Alterations in b-catenin degradation cause it to accumulate to immunohistochemically detectable levels in the nuclei of tumor cells. Although it has been shown that nuclear b-catenin immunostaining is useful for the diagnosis of some mesenchymal tumors, there is little known about b-catenin expression in endometrial stromal tumors. In this study, nuclear b-catenin immunoreactivity was evaluated in normal endometrium and endometrial mesenchymal tumors and then compared with that of CD10. The endometrial mesenchymal tumors evaluated included endometrial stromal nodules (n ¼ 2), low-grade endometrial stromal sarcomas (n ¼ 12), undifferentiated endometrial sarcomas (n ¼ 8) and uterine cellular leiomyomata (n ¼ 9). In addition, direct DNA sequencing of b-catenin exon 3 was conducted in 15 endometrial stromal tumors. Normal endometrial stromal cells showed strong cytoplasmic reactivity for CD10 but no detectable reactivity for b-catenin. Nuclear b-catenin immunoreactivity was detected in 11 low-grade endometrial stromal sarcomas (92%) and 6 undifferentiated endometrial sarcomas (75%). Ten low-grade endometrial stromal sarcomas (83%) and six undifferentiated endometrial sarcomas (75%) were positive for CD10. Eight low-grade endometrial stromal sarcomas (67%) exhibited diffuse, strong nuclear immunoreactivity with b-catenin, whereas only four cases (33%) expressed diffuse, strong immunoreactivity with CD10. All nine cases of uterine cellular leiomyomata were completely negative for both CD10 and b-catenin. b-catenin mutations were rare in endometrial stromal tumors. Taken together, these results indicate that nuclear b-catenin immunostaining can serve as a sensitive immunohistochemical marker for the diagnosis of endometrial stromal tumors and is useful for differentiating low-grade endometrial stromal sarcomas from uterine cellular leiomyomata.
It is well known that b-catenin plays a dual role in cell adhesion and transcriptional activation. 1 bcatenin binds to cadherin adhesion receptors, and associates with the actin cytoskeleton via a-catenin to form cell-cell adherens junctions. Disruption of this cell-cell adhesion in malignant transformed cells may contribute to the enhanced migration and proliferation of tumor cells, leading to invasion and metastasis. In addition to its structural role in intercellular adherens junctions, b-catenin can also act as a transcription factor in the nucleus by serving as a co-activator of the lymphoid enhancer factor (LEF)/T-cell factor (TCF) family of DNA-binding proteins. b-catenin-mediated transcription is activated by the Wnt signaling pathway, which also plays a role in tumorigenesis. Activation of Wnt signaling involves the inhibition of b-catenin degradation by proteasomes, which leads to nuclear accumulation and transcriptional activation of LEF/TCF target genes. Mutations in components that regulate b-catenin turnover (eg, APC, AXIN or GSK3B), as well as mutations in b-catenin itself that compromise the protein's degradation, have been found in a variety of human cancers. 2 These mutations lead to an excessive accumulation of bcatenin in the nucleus and stimulation of its target genes in an aberrant manner, which subsequently results in neoplasia. 2 This nuclear accumulation can result in an adequately high concentration of b-catenin in the nuclei of tumor cells to allow it to be detected immunohistochemically. 3 Nuclear accumulation of b-catenin has been observed in some types of mesenchymal tumors, including desmoid-type fibromatosis, solitary fibrous tumor, synovial sarcoma, osteosarcoma, liposarcoma, malignant fibrous histiocytoma and mesenteric fibromatosis. [3] [4] [5] [6] [7] Although nuclear accumulation of b-catenin has recently been demonstrated in endometrial stromal sarcomas, these studies included only a small sample size and immunostaining produced variable results. 3, 8 It has been reported that CD10 is expressed by normal and neoplastic endometrial stromal cells, as well as stromal cells involved in endometriosis and adenomyosis, [9] [10] [11] and diffuse CD10 immunoreactivity is a very useful positive predictive marker for endometrial stromal sarcomas. 9 However, a study conducted by McCluggage et al 10 showed that 38% of low-grade endometrial stromal sarcomas expressed focally weak CD10 positivity.
The purpose of the present study was to compare the usefulness of b-catenin and CD10 immunostaining for the characterization of endometrial stromal tumors, and to determine the effectiveness of these markers for distinguishing endometrial stromal tumors from uterine cellular leiomyomata in paraffin-embedded tissue sections. To evaluate whether b-catenin mutations are present in endometrial stromal tumors, we also sequenced exon 3 of the b-catenin gene, which contains GSK3B phosphorylation sites.
Materials and methods

Case Selection
Cases were obtained from the files of the Department of Hospital Pathology, Catholic Medical Center, The Catholic University of Korea. The selected cases consisted of 15 normal endometrial tissue samples (5 proliferative, 5 secretory and 5 atrophic), 2 endometrial stromal nodules, 12 low-grade endometrial stromal sarcomas, 8 undifferentiated endometrial sarcomas and 9 uterine cellular leiomyomata. Determination of the tumor type and histopathologic grading was performed according to the new World Health Organization classification on Tumors of the Breast and Female Genital Organs. 12 A representative section from each case containing the tumor was chosen for the study.
Immunohistochemistry
Formalin-fixed, paraffin-embedded tissue blocks were cut into 4-mm-thick serial sections and mounted on silanized glass slides. The tissue sections were then deparaffinized, rehydrated and rinsed in distilled water. Next, immunohistochemical assays for b-catenin and CD10 were performed on consecutive paraffin sections using an automated immunohistochemical stainer (Lab Vision Autostainer LV-1; LabVision/Neomarkers, Fremont, CA, USA). Antigen retrieval was then performed using 0.01 M citrate buffer (pH 6.0) by heating the sample in a microwave vacuum histoprocessor (RHS-1, Milestone, Bergamo, Italy) at a controlled final temperature of 1211C for 15 min. The endogenous peroxidase activity was then blocked by incubating the slides in 3% hydrogen peroxide in methanol for 10 min. The primary antibodies were diluted in Dako Antibody Diluent (Dako, Carpinteria, CA, USA) with background-reducing components and then used at the following dilutions: b-catenin (1:200, clone 14, monoclonal, Becton Dickinson Transduction Labs, San Diego, CA, USA) and CD10 (1:400, clone 56C6, monoclonal, Novocastra Labs, Newcastle upon Tyne, UK). Next, the primary antibodies were incubated at room temperature for 30 min, after which they were detected using the Envision plus System (Dako). The immunoreaction was developed with diaminobenzidine (DAB; Dako) for 5 min, and then counterstained with hematoxylin.
We considered only the nuclear staining pattern of b-catenin and cytoplasmic staining of CD10 as positive. Positive controls for b-catenin consisted of a fibromatosis obtained from a patient with a known APC gene alteration. In addition, normal endometrial stromal tissue was used as an internal positive control for CD10. For negative controls, phosphate buffered saline was used instead of the primary antibody.
The degree of immunoreactivity for b-catenin and CD10 was evaluated semi-quantitatively on the basis of staining intensity and the percentage of positive cells, as described previously. 10 The staining intensity was classified as negative, weak, moderate or strong expression. The staining percentage was classified as focal or diffuse using 50% as a cutoff point.
DNA Extraction
DNA was extracted from two 10-mm thick paraffin sections containing a representative portion of each tumor block using the QIAamp DNA Mini kit (Qiagen, Hilden, Germany). Neoplastic areas were manually microdissected from the tissue sections.
Polymerase Chain Reaction and Sequencing of b-Catenin
A 217 bp fragment of exon 3 of the b-catenin gene was amplified using sense primer (5 0 -ATTTGATGG AGTTGGACATGG-3 0 ) and antisense primer (5 0 -TG TTCTTGAGTGAAGGACTGA-3 0 ) in a 20 ml reaction solution containing 10 ml of 2 Â HotStarTaq Master Mix (Qiagen), as described previously. 13 Polymerase chain reaction (PCR) condition was as follows: 30 cycles of 30 s at 941C, 1 min at 551C and 1 min at 721C. Water was used instead of template DNA for a negative control. PCR products were then evaluated by 2% agarose gel electrophoresis, after which they were extracted from the gels and purified using a HiYieldtGel/PCR DNA Extraction Kit (RBC bioscience, Taipei, Taiwan). Purified PCR products were processed for the DNA sequencing reaction using the ABI-PRISM BigDye Terminator version 3.1 (Applied Biosystems, Foster, CA, USA), according to the manufacturer's protocols. Sequencing was performed in both directions using the same primers used for PCR. Sequencing reactions were performed using 25 cycles of 10 s at 961C, 5 s at 501C and 4 min at 601C. Sequence data were generated using the ABI PRISM 3100 DNA Analyzer (Applied Biosystems) and the sequences were then analyzed and compared using the Sequencer 3.1.1. software (Applied Biosystems).
Results
The results for the b-catenin and CD10 immunohistochemistry are illustrated in the Figure 1 .
Immunoreactivity of b-Catenin and CD10 in Normal Endometrium
The epithelial cells obtained from all cases showed strong membranous reactivity for b-catenin without nuclear staining, but no reactivity for CD10. Stromal cells showed strong cytoplasmic reactivity for CD10 but no detectable reactivity for b-catenin (Figure 2 ).
Immunoreactivity of b-Catenin and CD10 in Endometrial Stromal Tumors
Nuclear reactivity for b-catenin was noted in 2 (100%) of the 2 cases of endometrial stromal nodules evaluated, 11 (92%) of the 12 low-grade endometrial stromal sarcoma cases evaluated and 6 (75%) of the 8 undifferentiated endometrial sarcomas evaluated. Cytoplasmic reactivity for CD10 was noted in 2 (100%) of the 2 cases of endometrial stromal nodules evaluated, 10 (83%) of the 12 lowgrade endometrial stromal sarcomas evaluated and 6 (75%) of the 8 undifferentiated endometrial sarcomas evaluated. The staining pattern of these antibodies was generally diffuse and strong in low-grade endometrial stromal sarcomas (Figure 3) . However, there were some differences in the staining pattern that occurred as a result of CD10 and b-catenin immunoreactivity (Figure 4 ). Eight cases of low-grade endometrial stromal sarcomas (67%) exhibited diffuse, strong nuclear immunoreactivity when b-catenin was evaluated, whereas only four cases (33%) expressed diffuse, strong immunoreactivity when CD10 was evaluated. In addition, two cases of low-grade endometrial stromal sarcomas were completely negative for CD10, whereas one (case 20) of these cases showed strong focal staining for b-catenin, and the other (case 28) was negative for b-catenin. Immunoreactivity for both antibodies in undifferentiated endometrial sarcomas usually showed a focal staining pattern, and the positive rates of both of these antibodies was also the same. However, the staining intensity of b-catenin was intense in most cases of undifferentiated endometrial sarcomas, whereas the intensity of the CD10 staining varied from weak to strong. All nine cases of uterine cellular leiomyomata were negative for both b-catenin and CD10 antibodies.
DNA Sequencing of Exon 3 of the b-Catenin Gene
To assess the prevalence of b-catenin mutations in endometrial stromal tumors, as well as to determine whether there was a strong correlation between nuclear b-catenin staining and b-catenin mutations, we conducted direct sequencing of the PCR products generated from genomic DNA preparations of the specimens. Sufficient DNA was recovered from 15 of the specimens (2 endometrial stromal nodules, 7 low-grade endometrial stromal sarcomas and 6 undifferentiated endometrial sarcomas), however, only 1 of these specimens (case 16, endometrial stromal nodules) was found to have a b-catenin mutation. The mutation, which was a TCT to AAT transition at codon 33 that resulted in a change from serine to asparagine, was confirmed in independent PCR and sequencing reactions ( Figure 5 ).
Discussion
Endometrial stromal sarcomas are rare uterine mesenchymal tumors that have traditionally been divided into low and high grades based on mitotic count. The recent World Health Organization Classification of Tumors of the Breast and Female Genital Organs 12 divides endometrial mesenchymal tumors into three groups: (1) benign endometrial stromal nodules, (2) endometrial stromal sarcomas, low-grade and (3) undifferentiated endometrial sarcomas. The distinction between benign and malignant groups is made based on the type of tumor margin. Malignant tumors are subdivided into low-grade endometrial stromal sarcomas and undifferentiated endometrial sarcomas based on features such as nuclear pleomorphism and necrosis.
Undifferentiated endometrial sarcomas are aggressive, with death usually occurring within 3 years of hysterectomy, whereas low-grade endometrial stromal sarcomas are indolent tumors with late recurrences and distant metastasis. 12 When presenting as extrauterine or metastatic disease, these tumors may be difficult to differentiate from other soft-tissue Figure 2 Immunoreactivity for b-catenin and CD10 in proliferative, secretory and atrophic endometrium. The endometrial glands show membranous positivity for b-catenin without nuclear staining, whereas the endometrial stroma are negative. Conversely, reactivity for CD10 is limited to stromal cells. No CD10 staining was observed in glands.
Nuclear b-catenin expression C-K Jung et al tumors, especially in the absence of information concerning past medical history. However, immunohistochemistry may be useful for diagnosis in such cases. Immunohistochemical studies of endometrial stromal sarcomas have shown that they are usually positive for CD10 and both estrogen and progesterone receptors, and that they may also be positive for smooth muscle markers (such as actin and desmin). [10] [11] [12] 14 Although diffuse strong immunoreactivity for CD10 favors the diagnosis of endometrial stromal sarcomas, 9 it is important to note that this diagnosis is not always straightforward. For example, the staining may be focal or weak, which could result in a false negative. In this study, we investigated CD10 expression in 12 cases of low-grade endometrial stromal sarcomas and 8 cases of undifferentiated endometrial sarcomas. Six (50%) of the low-grade endometrial stromal sarcomas and 6 (75%) of the undifferentiated endometrial sarcomas showed focal staining for CD10, whereas only 4 (33%) of the low-grade endometrial stromal sarcomas and none of the undifferentiated endometrial sarcomas were diffusely positive for CD10. Because hormone receptors usually stain uterine smooth muscle tumors, these markers have little reliability in differentiating endometrial stromal tumors from uterine smooth muscle tumors. 9, 15, 16 Although CD10 is a useful immunohistochemical marker for the differential diagnosis of endometrial stromal sarcomas from uterine cellular leiomyomata, CD10 may also be detected in uterine cellular leiomyomata. 9, 11 In this study, we demonstrated that b-catenin nuclear expression is frequently found in endometrial stromal tumors, but not in normal endometrial stroma and uterine cellular leiomyomata. Nuclear reactivity for b-catenin was noted in both of the 2 endometrial stromal nodules evaluated in this study, in 11 (92%) of the 12 low-grade endometrial stromal sarcomas evaluated and in 6 (75%) of the 8 undifferentiated endometrial sarcomas evaluated. Among three cases of CD10-negative endometrial stromal tumors, two (case 20 of endometrial stromal sarcomas and case 35 of undifferentiated endometrial sarcomas) were positive for b-catenin. When the low-grade endometrial stromal sarcomas were evaluated there were some differences observed in the staining pattern and intensity of CD10 and b-catenin immunoreactivity, with eight cases of low-grade endometrial stromal sarcomas (67%) exhibiting Nuclear b-catenin expression C-K Jung et al diffuse, strong nuclear immunoreactivity with bcatenin, and only four cases (33%) showing diffuse, strong immunoreactivity with CD10. Therefore, such focal staining for CD10 will make the exclusion of endometrial stromal tumors difficult in small biopsy specimens. Based on these results, inclusion of b-catenin in a panel of immunohistochemical markers may be useful for confirming a diagnosis of endometrial stromal tumors and differentiating low-grade endometrial stromal sarcomas from uterine cellular leiomyomata. Correct interpretation of positive b-catenin staining is important. Only nuclear staining is considered significant when separating endometrial stromal tumors from other entities in the differential diagnosis. In our study, cytoplasmic staining was seen in uterine cellular leiomyomata as well as in endometrial stromal tumors.
To the best of our knowledge only two studies regarding b-catenin immunohistochemistry in endometrial stromal sarcomas can be found in the English literature. 3, 8 The anti-b-catenin monoclonal antibody used in our study was the same as that used in a recent study conducted by Ng et al, 3 in 20 7.5% in biliary tract carcinomas, 21 5% in prostate carcinomas 22 and 4% in medulloblastomas. 23 However, b-catenin mutations are far more common in certain histological subtypes; for example, 75% in pilomatricoma of the skin, 24 61% in anaplastic thyroid carcinoma 25 and 52% in sporadic aggressive fibromatoses. 26 Most of the previously reported b-catenin point mutation sites in other human benign and malignant tumors were at codons 32 (Asp), 33 (Ser), 34 (Gly), 37 (Ser), 41 (Thr) and 45 (Ser). 2 In our study, we attempted to find genetic alterations of the b-catenin gene in 15 endometrial stromal tumors, but only one of these cases (case 16, endometrial stromal nodules) harbored a b-catenin mutation at codon 33 (TCT to AAT, Ser to Asn). This indicates that nuclear expression of b-catenin was frequently observed in endometrial stromal tumors, but that b-catenin mutations were rare events. Furthermore, because nuclear accumulation of b-catenin is a potential indicator of the activation of the Wnt signaling pathway, the mechanism by which b-catenin accumulation in endometrial stromal tumors without mutation occurs needs to be further elucidated.
In summary, our study showed that nuclear b-catenin was not expressed in normal endometrial stroma or uterine smooth muscle tumors, but that it was frequently expressed in endometrial stromal tumors, although its expression is decreased in undifferentiated endometrial sarcomas. These characteristics indicate that b-catenin can serve as a sensitive and useful immunohistochemical marker for the diagnosis of endometrial stromal tumors. b-catenin staining can also complement the use of CD10 in the differential diagnosis of these tumors.
